Population analyses and estimates of effective population size (N e ) including rare modern haplotypes
All analyses followed the methods of Ó lafsdóttir et al. [1] , except that the Bayesian skyride model (BSM) implemented in BEAST [3] required a longer burn-in of 20.0 Â 10 6 . We used the complete haplotype frequencies of the modern Atlantic cod in Icelandic waters, reported in Á rnason et al. [4] . The total modern sample was n ¼ 519 (previously n ¼ 503). As only 228 bp, within a 258 bp sequence, could be reliable used for the archaeological samples, not all modern haplotypes were distinguished. Specifically, haplotypes A, AJ and ZI; E and XI; G and LJ; NI and LI and EI, HI and UI could not be differentiated (table 2) .
Results and conclusion
We report only results that depend on the modern Atlantic cod haplotypes, analyses relying solely on the archaeological samples have not changed. Including the rare modern haplotypes changed the summary statistic of the modern sample (table 1) . The pair-wise F ST value between the new modern sample and the 1500-1550 temporal group was 0.022 ( p , 0.05), (without rare haplotypes, F ST ¼ 0.021, p , 0.05), other pair-wise F ST values did not change.
When the rare haplotypes are included the BSM female effective population size (hereafter N e ) estimate before the bottleneck was high at 388 000 (95% CI 210 000-738 000) ( previously 440 000, 95% CI 191 000-1 037 000) and N e estimate in modern times was low at 2680 (95% CI 658-9560) ( previously 1955, 95% CI 402-7550; figure 1 ). The N e estimates when including the rare haplotypes are well within the error margins of the previous estimates. A Bayes factor of 232.4 supported the BSM over a model of constant population size. Mutation rate was estimated slightly higher than before at 8.22 Â 10 27 (95% CI 5.56 Â 10 27 -2.02 Â 10
26
). With the ABC estimation [5] , logistic regression indicated a single bottleneck as the most likely scenario, but the direct estimate did not distinguish between one or two bottlenecks (two bottlenecks were indicated by both methods when excluding the rare haplotypes although two bottlenecks had negligible statistical support over a single bottleneck). The correct choice of the single bottleneck scenario was supported by a type I and type II errors of 11.2% and 12.0%. The median estimates of effective population size including the rare haplotypes was considerable higher than when they were excluded; before the bottleneck N e ¼ 1 420 000 (95% quantile: 297 000 -1 850 000) (was 330 000, 95% quantile: 89 000 -852 000), and after, 160 000 (95% quantile: 46 200-382 000), (was 75 000, 95% quantile: 44 800-98 000 and 21 300, 95% quantile: 3290-40 900). The time of the bottleneck was estimated at 74.6 generation BP (95% quantile: 40.8 -102.2), (was 96.2, 95% quantile: 72.5-118.3 and 23.8, 95% quantile: 1.9-40.0). The bias (MRB) was low for both estimates of population size, N s (0.411), N 1 (1.197 ) and the bottleneck time estimates, t 1 (1.294).
All models supported a large-scale population size reduction in the late medieval period, with smaller subsequent changes in N e , in line with the conclusions in Ó lafsdó ttir et al. [1] . This was further supported by consistently lower genetic variation in the modern and more recent archaeological samples and pair-wise F ST values that were only significant across the mid-sixteenth century, both with and without the rare modern haplotypes.
It is important to note that, because of different sample sizes and sampling ranges, the archaeological samples may not be directly comparable to the modern-day sample. Including all available sequences may increase the performance of the coalescence methods implemented in BEAST [3] , but the difference in sample sizes may affect some of the summary statistics used in the Bayesian estimation of diyABC [5] . This could explain why including the rare haplotypes scaled up the N e estimates of the ABC analyses. For comparison, when excluding all the modern sequences, the BSM supported a considerable larger medieval N e of 601 000 individuals (95% quantile: 288 000-1 480 000) with a reduction to 310 000 individuals (95% quantile: 38 000-776 000) and the ABC analysis supported a large medieval N e of 1 110 000 (95% quantile: 324 000-1 520 000), a reduction to 72 000 (95% quantile: 14 900-98 600) in the early-sixteenth century and to 51 300 (95% quantile: 10 900-93 600) in the late-eighteenth century (data not shown).
To conclude, all models estimate the female effective population size of Icelandic Atlantic cod to have been magnitudes higher before the sixteenth century, whereas population size reductions in modern times were more ambiguous. Importantly, for the conclusions of Ó lafsdó ttir et al. [1] , the relative scales of population size changes, F ST values and reduction in genetic variation remained consistent when the rare haplotypes were included.
